Based on isotope trace studies of sandstone-type uranium deposits in Dongsheng area of Ordos basin, south margin in Yili basin and Turpan-Hami basin, such as geological attitude, carbon and oxygen isotope in fluids, hydrogen and oxygen isotope, sulfur isotope in pyrite and carbon isotope in "detritus pot top gas" of mineral-bearing stratum, this paper reveals the different features of the reduction and alteration among the formation of three uranium deposits. The differences are mainly reflected on the types of organic matter and the reduction alteration scale. These differences are the main reason to cause apparent epigenetic alteration types and intensity of uranium mineralization. It is concluded that the reduction of coal bed methane dissipation from the Neopaleozoic is the main feature of Dongsheng deposit, which leads to the abroad development of green-color alteration and bleaching phenomenon. The reduction of bacteria is the main feature of Yili deposit, which leads to a small range of weaker fading alteration and much more framboidal spherules pyrited mineralization. The organic acid from dispersed coal particles in stratum is the main feature of Turpan-Hami basin deposit, which is the main reductant of the uranium deposit. According to the above-mentioned characteristics, we think that the types, characteristics, and the scale of reductant are the important factors in determining the types of uranium deposits and the differences between the scales. This recognition has an important theoretical and practical significance to research genetic types of uranium deposits and their exploration methods.
INTRODUCTION
Organic matter such as oil, coal, natural gas as well as micro-organisms has different degrees of action during the formation of sandstone-type uranium deposits. They may cause the process of diagenesis-mineralization to present different geology or geochemistry characteristics. It is proven by experiments that the hydrocarbons in natural gas, such as CH 4 and parts of H 2 , H 2 S, CO, are the effective reductant for the precipitation and enrichment of uranium minerals. Moreover, the direct reduction of pyrite, sphalerite in inorganic sulfide is relatively limited (Wang and Du, 1995) . The reduction of solid organic matters and bacteria is indirect way. In other words, the gas or organic acid, such as CH 4 , H 2 , H 2 S that were generated by coal through biological bacteria dissolving into the water, and then caused the generation and deposition of uranium deposits (Xiang et al., 2000) . In the same way, the mineralization of uranium that was influenced by oil is also carried out by the reduction of hydrocarbon gas such as CH 4 . So the increasing radioactive anomaly is always around the reservoir, and is one of the effective geochemical exploration methods used to search for reservoirs (Li et al., 2000; Liu and Zhong, 1999) . CO 2 is the important carbon source that causes carbonation in uranium ore district. H 2 S is the main sulfur source of pyrite. Hydrocarbon such as CH 4 and H 2 , CO, H 2 S as well as organic acid and biological bacteria are the important reducers for the deposition of uranium mineral. Therefore bleaching alteration, uranium accumulation, carbonation and pyritization are occurred if natural gas migrated into this area.
The migration and dissipation of above organic matters always affect petrology and mineralogy, mineral deposit geology and geochemistry (Sun and Jin, 2000; Sun and Püttmann, 2001 ). However, the natural gas flowed faster than water or petroleum. It remains not so many gaseous inclusions during the geological processes and makes difficult to be researched. Whatever, the environments (temperature, pH, Eh, component etc) must have been notably changed by the natural gas migration and actions. For example, it is considered that the formation of the second reduction uranium deposit in Dongsheng (Wu et al., 2006a) . green-color alteration (Wu et al., 2006b) , sand bleaching sandstone (Ma et al., 2006; Schumacher, 2000; Moulton, 1922; as well as carbonation (forming the "caliche" ) that will be discussed in this paper, pyritization and so on are caused by the migration and dissipation of oil and gas. However, the actions of oil, coal, nature gas and microbe are always with different types, characteristics and degrees which caused the different phenomenon and products of the organic action, accordingly forming the ore deposits with different geological features (Sun and Jin, 2000) .
Typical sandstone-type uranium deposits were chosen as the study objects and different characteristics of organic reduction were studied in this paper. In this area, many uranium deposits were found over the past decade years in northwest China. The typical deposits are southern margin uranium deposits of Turpan-Hami basin, Yili basin, and northeast margin Dongsheng deposit of Ordos basin. The study idea and methods were used as below: (1) Carbon and oxygen isotope of the carbonate cement in carbonation (caliche) sand of the three different development degree fields was analyzed in order to trace the origins of CO 2 in the gas. (2) Current study indicates that the number of different levels of pyrite is associated with the formation of sandstone-type uranium deposit, especially when pyrite content reaches the tiptop during the mineralization stage . In order to trace the bacterial actions, genesis of H 2 S or origin of sulfur, the pyrite in the producing formation was separated and sulfur isotope was analyzed in this paper. (3) Gas samples of "detritus pot top gas" are selected from the aimed ledge of Dongsheng mining areas. The carbon isotope of methane, ethane and propane was analyzed to confirm the origins of gaseous hydrocarbon.
DIFFERENT GEOLOGICAL CHARACTERISTICS OF ORE DEPOSITS IN STUDY AREA
In southern area of Yili basin and Turpan-Hami basin uranium deposits are typical interlayer oxidation-sandstone-type uranium deposits in orographic basins of TianShan orogen of China. Their shared characteristics are that they were located at the flatter slope of the basin with mild dip-strike. The mineralization was controlled by interlayer oxidation. The uranium minerals are mainly uraninite, and the metallogenetic epoch converges K-E. Shuixigou formation of Lower-Middle Jurassic is the same ledge of uranium, coal, oil and gas (Fig. 1) . The epigenetic alteration are oxidizing alteration, uranium metallization and carbonatation and so on Liu and Lin, 2003; Chen et al., 1997; Wu et al., 2004; Wu et al., 2005; Yang et al., 2003; Xia et al., 2003) . The above cognitions about the similar geological features and both belonging to interlayer oxidation zone type of the south margin uranium deposits of Turpan-Hami and Yili basins are currently accepted by most geologists. However, it should be noted that there are some obvious differences of geologic features. For example, the distribution of carbonatation (caliche) and dispersed coaly matter is more common in Turpan-Hami field compared to Yili basin. The twice-reduction (bleaching) phenomena occur mostly at the front part of the interlay oxidation zone in Yili orefield, very seldom at Turpan-Hami field. Therefore, the reductive alteration developed in Yili mining area mainly has uranium mineralization and pyritization but less white fading; the reductive alteration developed in Turpan-Hami mining area mainly has uranium mineralization, relatively weak pyritization and stronger carbonation. Dongsheng uranium deposit is located at the slope of Yimeng uplift, north part of Ordos basin, and the ledge is at Zhiluo formation of Middle Jurassic . The main ledge is located at lower segment (J 2 z 1-1 ) in braided river sand body, where green-color alteration zone control the mineralization. Not far from the lower part of orebody is the bleaching sand at the top of Yan'an formation (Fig. 1) .
The current studies indicates that there are obvious differences of geological features at south margin uranium deposits of Yili and Turpan-Hami basins, as well as Dongsheng sandstone-type uranium deposit. They are as listed below:
(1) Dongsheng deposit was controlled by green-color alteration with reducing property while Turpan-Hami and Yili deposits were controlled by interlay oxidation zone. The green-color alteration zone was formed by the ancient interlay oxidation zone after two alterations under strong reduction hydrocarbon (such as oil and gas) (Wu et al., 2006a; Wu et al., 2006b) . (2) The preliminary study suggest that the cause of blenching phenomena on top of Yan'an formation not far from the main orebody of Dongsheng deposit had something to do with migration and dissipation of oil and gas (Wu et al., 2006a; Wu et al., 2006b; Ma et al., 2006) . The phenomena reduced in scale in Yili Turpan-Hami field. (3) The carbonatation (caliche) developed much more abroad in Turpan-Hami field than Yili and Dongsheng fields. For instance, there were three to seven layers of caliche in a common drill at Turpan-Hami field. The thickness of caliche was about 0.5-1 m, extending about 3-5 m. The distribution is discontinuous and lenticular or lumpy along the edge of orebody or the sand shale boundary. The content was about 2.5-8.2% of CO 2 and 3.5-11% of CaO. (4) The uranium mineral of Yili and Turpan-Hami basins are mainly uraninite, but a little bilibinste. In Dongsheng deposit the uranium minerals are mainly bilibinste, but a little uraninite. This phenomenon indicates that the mineralization environment in Dongsheng area had much more reducibility and higher temperature. (5) The composition of clay minerals of green-color alteration sandstone in Dongsheng deposit was alkaline with reducing property of brunsvigite (the reason for the sandstone being green-color), but Yili and Turpan-Hami deposits have the composition property of kaolinite-illites, which indicated differences in PH, Eh during the formation of uranium deposit. The main types of epigenic alteration are green-color alteration, uranium metallization, and blenching phenomena in Dongsheng deposit differing from that of Turpan-Hami and Yili field. The degrees and features of pyritization and carbonatation also differ from each other. The above differences of geological features in the three deposits are caused by the different organic geological actions (the action of gas, biological bacteria and coal matters) during the formation of sandstone-type uranium deposit.
SELECTION, TREATMENT AND ANALYSIS OF SAMPLES
In order to study the features of reducing action with carbon and sulfur isotope in all fields, the samples were selected, treated and analyze as below.
(1) The carbon and oxygen isotope testing of carbonation (caliche) rock are: The "caliche" located in different parts of the ore-bearing stratums in the three deposits; the mineralization period, pre-mineralization and postmineralization. The mineralizing fluid of sandstone-type uranium deposit was composed by hypergene groundwater and some gases and the CO 2 reacted with the Ca 2+ to form the CaCO 3 sediments (Wu et al., 2006a; Wu et al., 2006b; Wu et al., 2005) . Hence to study the genesis of caliche was to study the genesis of CO 2 . When CO 2 reacted with superficial water the product was carbonated cement of "caliche" rock. The compact calcareous cement sandstones of all alteration stages of the ore-bearing stratums in the three deposits were selected, and the carbon and oxygen isotope was tested after separation. The samples were reacted on the constant temperature under the vacuum condition with 100% phosphoric acid, then separated the moisture with freezing method, collected the pure CO 2 and carried on the mass spectrum isotope analysis test, at last, obtained the data of δ 13 C and δ 18 O. (2) Sulfur isotope of pyrite testing: Selecting the sandstone, the mudstone or the coal samples in mineral-bearing target stratum of mining area, generally, the dispersion shape or the nodular, the eye spherical pyrite could be seen by naked eyes. Then, the sulfur isotope of pyrite was tested after the separation by magnetic method. The sample and cuprous oxide were heated up under vacuum state to carry on the oxidizing reaction and generate sulfur dioxide. Then the content of sulfur isotopic was analyzed with the gas isotope mass spectrometer. The value of δ 34 S was accurate by this method with error of ±0.2 ‰. The fractional error for the replicate sample analysis was smaller than ±0.5 ‰.
The above two tests was completed by Yichang Institute of Geology and the Ministry of Land and Resources. The instrument was MAT-251 mass spectrometer made in Germany.
(3) The carbon isotope of "potted gas from drill" testing: the collection method was to capture debris gas directly when the well drilling was at the targeted position, loading into the saturated brine, seal and inversion. The gaseous component was tested by the US product HP5790 gas chromatograph (precisely to 0.001) in West China Petroleum Geology Center, in the laboratory (Xianyang) of the Ministry of Geology and Mineral Resources. The carbon isotope of methane, ethane, and propane had been tested by the Deltaplus xp spectrometer (accurate to 0.1 ‰) in gas geochemistry laboratory of the Chinese Academy of Science Lanzhou Branch.
RESULTS AND DISCUSSION

Results and discussion of carbon isotope analysis
According to the analysis results (Table 1) of carbon and oxygen isotope of the "calcareous layer" rock calcite cements in the three mining areas, the origin of "calcareous layer" rock (the main source of CO 2 ) can be distinguished. The origin of CO 2 is the hottest topic in current geosciences researches. After consulting massive amount of literature materials (Cooles and Makenzie, 1987; Dai, 1989; Barker and Takach, 1992; Dai and Chen, 1993; Liu and Xu, 1993; Chen et al., 1995; Dai et al., 1995; Huang et al., 1996; Tu, 1996; Shen and Xu, 1998; Zhang et al., 1998; Cheng, 2000; Xu, 2000; Xu et al., 2001; Chen and Li, 2002; Gao et al., 2002; Min et al., 2003) . The origin of CO 2 and the identifying indexes of isotope were briefly summed up in Table 2 . Based on the identifying index above and the geological facts of mining area and analysis of the test results of carbon and oxygen isotope, we obtained the cognitions as followed:
The south margin uranium deposit of Turpan-Hami basin
The scope of δ 13 C (‰) values is -10.66 ~ -3.43 (‰), average for -7.056 ‰, and δ 18 O values are -9.04 ~ 17.75 ‰, average for -13.56 ‰ in carbonate cement of various alterations type rock of the ore stratum in Xishanyao group. According to the value distribution and standard, we believe that the CO 2 should mainly have inorganic origin mixed with little organic origin. Inorganic origin gas mainly was caused by rocks fusing and degasification of the earth crust.
Discussed origin above is the causes of CO 2 formation in the ore-bearing strata of the Turpan-Hami mining area. The causes of hydrocarbon gas generation can be recognized from isotope analysis results of the modern natural gas ("detritus pot top gas") such as the CH 4 , C 2 H 6 , C 3 H 8 , which are collected from the ore-bearing strata (Table 3 ). The result δ 13 C 1 <δ 13 C 2 <δ 13 C 3 indicates that the hydrocarbon gas have organic origin, with the δ 13 C 1 scope of -40.4 ~ -27 (‰) (most between -20 ~ -40‰). The scope of δ 13 C 2 (‰) is -26.6 ~ -12.8 ‰. Therefore, the cause of hydrocarbon gas is mainly coal-formed gas (coal bed methane). Carbon isotope analysis results indicate that the coal bed methane in ore-bearing strata played an important role in the reduction processes.
Combined carbon isotope analysis results with the actual situation of the mining area, we thought that the reducing agent of uranium deposits of southern margin of the Turpan-Hami Basin is mainly a mixed source, and inorganic gas is produced by the crust rock melting degassification (mainly constitutes part of CO 2 , forms carbonatation) raises and mixes with the coal bed methane in ore-bearing strata. Coal bed methane consisted of main part of gas and play a major role to the uranium deposits. 
The south margin uranium deposit of Yili basin
The scope of δ 13 C (‰) is -13.8~7.33 (‰), average for -10.848 ‰ in the carbonate cement of various alterations type rock of the ore stratum in Shuixigou group (Table  1) . Most of the data focus on -10 ‰. According to the standard above, we think that the CO 2 should be the main origin of organic matter oxidation and decomposition. Considering the characteristics of sulfur isotopes (see below) and the actual situation of the mining area, the main origin may be that bacterial microorganisms oxidize solid organic matter (coal matters) and form CO 2 .
Dongsheng uranium deposit of Ordos basin
The value of δ 13 C in carbonate cement of ore-bearing calcareous sandstone formation is between -15.53‰ and -5.18‰, average -10.194‰. The data can be divided into two groups: one is -10.69~-5.18‰, another is -15.53~-10.87‰. According to the aforementioned standard, there were three sources for CO 2, which formed widely in Dongsheng uranium deposit: (1) organic matter pyrolysis; (2) biochemical process and organic matter oxidation; (3) melting degasification process of crustal rocks. According to the characteristics of isotope data distribution, the main material sources is the first type, subordination is second type, and the third type is the least source. Crust rock melting degas -10~-4 n×10 -7~n ×10 According to the "detritus pot top gas" carbon isotope characteristic of ore-bearing formation (Table 3) , the value of δ 13 C 1 are between -57.2‰ and -32.3‰, and the δ 13 C 2 are form -30.5‰ to -26.3‰, mostly more than -30‰, which suggest that the genesis of hydrocarbon gas are mainly coal gas. Analysis of the results of chloroform extract and saturated hydrocarbon gas chromatography of ore-bearing samples in Zhiluo formation in Dongsheng uranium deposit and the feature of biomarker indicate that the gas may be escaped gas from upper Palaeozoic (Wu et al., 2006a; Sun et al., 2005) .
Sulfur isotope characteristics proved that the sulfur in H 2 S maybe mixed with sulfate then had many material sources and commingle (see next section).
Most importantly, the reductive alteration mainly come from coal bed methane which comes from the deep of Neopaleozoic, and also from the reducing gas that were produced by the biochemical processes in oxidating solid organic matter. The uranium mineral of Yili and Turpan-Hami field mainly has the reducing gas which was produced by the biochemical processes in oxidating solid organic matter. The uranium mineral of Turpan-Hami field mainly has abiogenetic gas which was produced by the crustal rock under melting degassification.
Evidences of sulfur isotope geology
There were much dispersion and tubercular pyrite in study area, which formation mechanism mainly related with H 2 S. H 2 S is one of components of natural gas, and it is the important reducer of uranium mineralization. Accordingly, the characteristics of pyrite in sulfur isotope are important evidences for the existence of gas reducer in uranium mineralization area.
Usually, there are four sources of sulfur at about δ 34 S storeroom in nature: sulfur from mantle with values of δ 34 S = 0±3‰; sulfur from seawater in modern time with values of δ 34 S = 20‰; sulfur in sea facies carbonate with the value of δ 34 S of 30‰ to 93‰. The value of δ 34 S often is negative in coal, oil and gas . Biological and organic sulfur have the negative characteristics.
Characteristics and genesis of δ
34 S in Yili uranium mineralization area In the process of sulfate deoxidizing to H 2 S, microbe had widely participated in, 32 S was often deoxidized easier than 34 S. It may be induced that the lighter components of sulfur isotope heightened. Hence the value of δ 34 S often is negative (about -36‰~-5‰). When sulfur isotope value is at -32.21‰~ -0.5‰ and the average value is -17.38‰, we think it is typical that microbe originate from Yili uranium mineralization area (Table 4 ; Fig. 2 ). H 2 S mainly come from solid organic matter oxidization, produced under the process of microbe. There were lots of coaly materials or solid organic matters in Shuixigou formation (J 1-2 sh), which is an ore-bearing formation in Yili uranium mineralization area. These coaly materials produced much H 2 S gas under the process of microbe. Surface water carried H 2 S through the ore-bearing formation. Therefore, pyrite come from where uranium mineralization and pyrite mineralization were widely formed, and the mineralization deoxidize gas mainly form ore-bearing formation.
In conclusion, the main reductive alteration of sulfur isotope characteristic and carbon isotope in carbonate in Yili uranium mineralization area is microbe reacting on the coaly matters from producing formation. Fig. 2 ), which indicated that the sulfur source has mixed genesis characteristics, such as biogenicagency and diagenesis. We must combine other characteristics to decide the genesis of the deoxidization. Thus, we may discuss and summarize the formation processes of the three uranium deposits: Because gas was from Upper Paleozoic in Dongsheng deposits, its dissipation may cause the increase of gas deoxidization. Oil-gas resources were abundant in Ordos basin before the formation of green alteration phenomenon. Bleaching, uranium and titanium ore minerals were often found and the carbonating phenomenon was very common too. Because of the big scale of the hydrocarbon dissipation, the deoxidization on gas reducing agent is more effective than the solid reducing agent (such as the pyrite, coal matter). Therefore, Dongsheng deposit has a large scale, which is inseparable from the large scale of floating gas. It is also the methods to research and distinguish the types and degrees of deoxidization in the sandstone type uranium deposit.
Characteristics of
Carbon dioxide was mainly from inorganic matters in the Turpan-Hami basin. Uranium reducing action was mostly coaly in ore-bearing formation. There exists both bio-oxidation coal that provides reductive gas, and the organic acid of coal that reduces uranium. Therefore, the oil-gas function was the weakest in three deposits, which were represent by epigenic alteration types. The phenomenon isn't evident with green alteration, bleaching or depigment. The solid organic materials in the formation are the main uranium mineralization reducing agent. Because the carbon dioxide has inorganic origin, carbonate and calcite formation exist mostly in the three deposits. It is a well known the biochemical mineralization in Yili deposit. Microbe was active in ore-bearing formation. Depigment phenomenon only occur in oxidization zone. Re-deoxidization process, such as green alteration in Yili mineralization area was not strong. Compared with Turpan-Hami mineralization area, there were not any apparent inorganic CO 2 . Therefore, the gas deoxidization effect was more evident than that in Turpan-Hami basin. It was also the mainly reason of the apparent depigment phenomenon. The carbonate and calcite formation degrees and ranges were weaker.
CONCLUSIONS
The characteristics of the epigenetic reductive alteration in the typical sandstone uranium deposits which including Dongsheng deposit, Turpan-Hami and Southern Yili basin deposits in northwest China are shown as follows: (1) Biology microbe process in ore-bearing formation was common in Yili mineralization area, which produced tubercular and mildew globe pyrite. Carbonation and re-deoxidization were weak in the area; (2) Uranium reducers in Turpan-Hami mineralization area were mainly abiogenetic gas; and secondly were disperse solid organic materials (coaly materials). Wide ranges of "calcium layer" developed in the formation due to crust rock melting and inorganic CO 2 . There were very few or non of re-deoxidization phenomenon in the deposit; (3) It was evidently oil-gas process (Upper Paleozoic coal gas dissipation) which related with deoxidization alteration, formed Dongsheng uranium deposit. Therefore, the re-deoxidization alteration phenomenon was very common, such as green alteration and bleaching. They become the signs of the existence of uranium minerals. The ore minerals assemblage indicated that the formation temperature was higher and deoxidization process was stronger in Dongsheng uranium deposit. The gas reducing agents acquire the reduction characteristics in a short time, thus the main reason for the large amount of deposits in Dongsheng is because of the large-scaled natural gas dissipation in this area.
